The rheological behavior of model suspensions with the silicone oil M20000 and different concentrations of Cab-o-sil TS 720 resp. Durcal 5 are compared. The increase of the Cab-o-sil concentration changes the flow behavior of the suspension from shear-thinning, to pseudoplastic, and to plastic flow behavior. The first normal stress difference rises at the same time at certain shear rate. The disperse systems with Durcal 5 keep the structural viscous behavior of the silicone oil even with a filler concentration of 40.5 wt%. The dependence of the first normal stress difference on shear rate represents for suspensions with Durcal 5 only one straight line with a slope of n = 2. The normal stress has double the amount of the silicone oil M20000 at given shear rate and is independent of the used Durcal 5 concentration. It was established that suspensions with the silicone oil M20000 have a first normal stress difference that can, depending on the filler type, either increase (with Cab-o-sil TS 720) or decrease (with Durcal 5) at certain shear stress with increasing filler concentration. It is to be supposed that the decrease of the normal stress at a given shear stress, with increasing Durcal concentration, is a softening effect, caused by the filler.
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INTRODUCTION
Suspensions consist of a liquid phase, fillers, thixotropic agents etc. The liquid phase could be a system with Newtonian or a system with structural-viscous flow behavior. Different fillers can be joined to obtain a suspension with desired application properties. Thixotropic agents can be added to avoid the sedimentation of the fillers and to improve the flow and application properties. Each alteration of the type or concentration of the filler and thixotropic agent leads to a change of the flow and viscoelastic behavior of a suspension. A summary of the flow behavior of suspensions may be found in several publications [1] [2] [3] [4] [5] [6] .
Most of the disperse systems are with a viscoelastic fluid like polymer melts or silicone oils. The investigated suspensions with silicone oil are filled with calcium carbonate [7, 8] , or glass spheres [9, 10] or fumed silica [11] [12] [13] [14] [15] [16] [17] . Disperse systems have been described with a polymer melts and calcium carbonate [18, 19] or with titanium dioxide [18, 20] .
Most of the publications showed the viscous flow behavior of the suspensions with a viscoelastic fluid and only a few -the viscoelastic flow behavior, i.e. the first normal stress difference. The predominant opinion is that the first normal stress difference of suspensions with a silicone oil decreases at certain shear stress with increasing filler concentration [7, 8] .
We will show that the first normal stress difference of suspensions with silicone oil either decreases or increases at certain shear stress with increasing filler concentration. The rheological behavior of the two kinds of suspensions with the silicone oil M20000 and Cab-o-sil TS 720 or Durcal 5 will be compared.
EXPERIMENTAL
Model suspensions with the silicone oil M20000 and Cab-o-sil TS 720 res. Durcal 5 were prepared in a 1.5 L reactor with anchor stirrer (100 rpm) at 40°C in vacuum. The silicone oil M20000 (Bayer AG) is a poly-dimethyl-siloxane with a weight average molecular weight of 68 kg/mol. This silicone oil shows structural-viscous flow behavior [21] with zero-shear viscosity h 0 of 20 Pas. The shear thinning region begins at a shear rate of g · c = 70 s -1 . The thixotropic agent Cab-o-sil TS 720 is a pyrogenic (fumed) silica with a specific surface area of 100 ± 20 m 2 /g. The specific gravity is 1.8 g/cm 3 . Durcal 5 is calcium carbonate with a specific gravity of 1.2 g/cm 3 and particle size 6 mm (0.50) with a maximum of 10 mm.
The rheological measurements were carried out with a Weissenberg Rheogoniometer, WRG, Model R18, Sangamo Ltd., in an air-conditioned room at 25° ± 0.2°C. The Weissenberg Rheogoniometer was modified according to Meissner [22] . A cone-plate arrangement was used with 6 degree cone angle and 5 cm diameter. Measurements with a plate-plate were also carried out. There is a good arrangement between the viscosity curves obtained with coneplate and plate-plate, but in this work we shall explain only the cone-plate measurements. The shear stress and simultaneously the first normal stress difference N 1 were measured during stressing experiments with a constant shear rate g · = const. The points of viscosity and normal stress curves represent the steady state values from the stressing experiments.
RESULTS
DEPENDENCE OF VISCOUS BEHAVIOR ON FILLER CONCENTRATION AND FILLER TYPE
The concentrations of Cab-o-sil TS 720 in the suspensions were varied from 1 to 7 wt%. The thixotropic agent Cab-o-sil forms with the help of hydrogen-bridge-boundings a three dimensional structure. Figure 1 shows the viscosity
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Applied Rheology November/December 2002 curves of the systems with different concentrations of Cab-o-sil TS 720 in the silicone oil M20000 [16] . The three dimensional structure of the thixotropic agent Cab-o-sil TS 720 depends on the concentration. The systems with 1 wt% and 3 wt% Cab-o-sil TS 720 in the silicone oil M20000 show structural-viscous flow behavior. The structure is not strong enough and effects only a viscosity-increase of the suspension, but not a change of the flow behavior of the silicone oil. The three dimensional structure of the disperse system with 5 wt% Cab-o-sil TS 720 is stronger and causes a change of the structural viscous flow behavior of the silicone oil to a system with pseudoplastic flow behavior. The suspension with 7 wt% Cab-o-sil has already plastic flow behavior with a very strong structure.
Model-suspensions were produced with 25, 32.75 and 40.5 wt% Durcal 5 in the silicone oil M20000. Despite the high filler concentration, all three suspensions ( Fig. 2) do not change the structural-viscous flow behavior of the silicone oil. There is only a high increase of the zero-shear viscosity of the disperse systems with 1950 Pas, 5200 Pas and 10700 Pas, respectively.
The shear rate at onset of shear thinning of the disperse systems has surprising behavior. The values for the shear rate at onset of shear thinning increase with rising Durcal-concentration: From 0.0025 s -1 for 25 wt% to 0.0036 s -1 for 32.75 wt% and 0.005 s -1 for 40.5 wt% Durcal (Fig. 2) . The points of the shear rates at onset of shear thinning build a straight line with a slope of n = 2. The corresponding straight line for polymer melts and silicone oils is n = -1.
It is obvious that the tixotropic agent Cab-o-sil TS 720 builds a structure with a better strengthening with increasing concentration. That is the reason for the change in the flow behavior from structural-viscous to pseudoplastic and to plastic flow behavior. The disperse sys-
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Applied Rheology November/December 2002 tems with Durcal 5 show structural viscous behavior with a rising zero-shear viscosity with increasing concentration. The high Durcal concentration can not build a three dimensional structure that could change the flow behavior of the disperse system.
DEPENDENCE OF THE FIRST NORMAL STRESS DIFFERENCE ON SHEAR RATE AND FILLER TYPE
The first normal stress difference of the system containing 1 wt% Cab-o-sil TS 720 is already higher than that of the silicone oil M20000 at certain shear rate [16] (Fig. 3) . The first normal stress difference of the suspensions with silicone oil and Cab-o-sil TS 720 increases at certain shear rate with rising concentration of Cab-o-sil.
The dependence of the first normal stress difference on shear rate for systems with silicone oil and Durcal 5 (Fig. 4) shows only one straight line with a slope of n = 2. At a certain shear rate, the first normal stress difference is equal for all investigated suspensions, independent of the existing Durcal 5 concentration. The first normal stress difference does not depend on the Durcal concentration for these disperse sys- tems in the measured region. The dependence of first normal stress difference on shear rate could be observed as a normal stress master curve for these systems.
The first normal stress difference of the suspensions with Durcal is for certain shear rate two times higher compared to the first normal stress difference of the silicone oil M20000 (Fig. 4) . This observation can be used to predict the first normal stress difference of suspensions with other concentrations of Durcal 5 from the first normal stress difference of the silicone oil. Further measurements are necessary to see if this maintenance is right also for disperse systems with other viscoelastic fluids.
The first normal stress difference of systems with Cab-o-sil TS 720 and with Durcal 5 in the silicone oil M20000 is at certain shear rate higher than that of the silicone oil M20000. There is of course also a large difference:
I The increase of the Cab-o-sil TS 720 concentration leads to a rise of the first normal stress difference of the suspensions at certain shear rate I The first normal stress difference for the suspensions with Durcal 5 does not depend on the concentration of the filler. This is an indication of a very weak structure. Figure 5 reflects the dependence of the first normal stress difference of the disperse systems with the silicone oil M20000 and Cab-o-sil TS 720 on shear stress [17] . The systems with 3, 5, and 7 wt% Cab-o-sil TS 720 show in this representation three regions. The slope of the first region, i.e. straight line section is n 1 = 1. The thixotropic agent structure of these systems is in relatively good order and there is a linear dependence of the first normal stress difference on shear stress.
DEPENDENCE OF THE FIRST NORMAL STRESS DIFFERENCE ON SHEAR STRESS AND FILLER TYPE
The system with 1 wt% Cab-o-sil has a weak structure and does not have the first region. The destruction of the thixotropic agent structure occurs in the second transition region. The first normal stress difference rises in the first and second regions with increasing Cab-o-sil TS 720 concentration. The slope of the third region is n 3 = 2, independent of the amount of thixotropic agent present. The third region of the suspensions is nearly identical with the first normal stress difference of the silicone oil M20000. It follows, that the thixotropic agent structure of Cabo-sil TS 720 is already destroyed in this region.
Similar picture (log G' = f(log G'')) is observed for thermoplastic elastomers [23] , measured at different temperatures. One can maintain, that as well the systems with structural-viscous (3 wt% Cab-o-sil TS 720), as systems with pseudoplastic (5 wt% Cab-o-sil TS 720) and systems with plastic (7 wt% Cabo-sil TS 720) flow behavior can exhibit in the logarithmic representation log N 1 = f(log t) (Fig. 5 ) all three regions with slopes of the straight lines of the first and third region with n 1 = 1 and n 3 = 2. The first region can be expected only for suspensions with relatively good structure. The first normal stress difference of a disperse system can be assumed to be measure (scale) for the strengthening of the structure. Figure 6 represents the dependence of the first normal stress difference on shear stress of systems with the silicone oil M20000 and Durcal 5. The first normal stress difference of the suspension with 25 wt% Durcal 5 is at given shear stress lower in comparison to that of the silicone oil M20000. The straight line has a slope of n = 2. The increasing filler concentration (32.75% and 40.5%) causes also a decrease of the first normal stress difference of the suspensions at a certain shear stress. The increase of the Durcal concentration leads to a parallel movement of the straight lines to higher shear stresses.
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Durcal 5 decreases the first normal stress difference of the suspensions with increasing concentration. It seems that calcium carbonate particles do not interact with the liquid phase. Durcal 5 works as a kind of lubricant for the silicone oil molecules. It is to be supposed that the decrease of the normal stress of these suspensions at a given shear stress with increasing filler concentration is a softening effect, caused by the filler.
It seems that the first normal stress difference can increase or decreases with increasing filler concentration depending on the filler type used. From our measurements and literature dates, one can assume the existence of two kinds of suspensions with a viscoelastic fluid, depending on the filler type:
I Suspensions with calcium carbonate [7, 8, 18, 19] and titanium dioxide [18, 20] , where the first normal stress difference decreases at given shear stress with increasing filler concentration. These suspensions have silicone oil or polymer melts as viscoelastic flow phase. I Suspensions with glass beads [24] or thixotropic agents [16, 17] in silicone oil, where the first normal stress difference increases at given shear stress with increasing filler concentration.
SUMMARY
Model suspensions with the silicone oil M20000 and different concentrations of Cab-o-sil TS 720 or Durcal 5 were prepared and the rheological behavior compared. These suspensions have very different rheological behavior. The increase of the Cab-o-sil TS 720 concentration leads to change of the flow behavior of the fluid -from structural-viscous (M20000, 1 and 3 wt% Cab-osil TS 720) to pseudoplastic (5 wt%) and finally to plastic (7 wt% Cab-o-sol TS 720) flow behavior. The investigated suspensions with Durcal 5 (calcium carbonate) keep the structural viscous flow behavior of the silicone oil M20'000 even with a filler concentration of 40.5 wt% Durcal 5. The first normal stress difference of the suspensions with Cab-o-sil TS 720 has higher values at certain shear rate as the silicone oil M20000. The dependence of the first normal stress difference on shear rate represents for suspensions with Durcal 5 only one straight line with a slope of n = 2. The first normal stress difference of these suspensions has double the amount of the silicone oil M20'000 at given shear rate and is independent of the used Durcal 5 concentration. These facts can be used to predict the first normal stress difference of these suspensions from the first normal stress difference of the silicone oil. It was established that suspensions with the silicone oil M20000 have a first normal stress difference that can either decrease (Durcal 5 in the silicone oil M20000) or increase (Cab-o-sil TS 720 in the silicone oil M20'000) at certain shear stress with increasing filler concentration. The dependence of the first normal stress difference on shear stress for the systems with 3, 5, and 7 wt% Cab-o-sil TS 720 shows three regions. The slope of the first region is n = 1. The destruction of the thixotropic agent structure begins in the second transition region and is already completed in the third region. The slope of the third straight line section is n 3 = 2, independent of the thixotropic agent concentration present. The third straight line section is nearly identical with the first normal stress difference of the silicone oil M20000. The first normal stress difference of the suspensions with silicone oil and Durcal 5 decrease at a certain shear stress with increasing filler concentration. The increase of the Durcal concentration causes a parallel movement of the straight lines with a slope of n = 2 to higher shear stresses.
